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Abstract:
Utilizing resistance methods for sprinters is a common approach to their training. In this
study, six athletes from the University of Nebraska-Lincoln Women’s Track and Field Team ran a
series of sprints using a resistance machine to collect data regarding the change in power
output, stride length, level of trunk tilt with respect to the ground, and acceleration throughout
a distance of ten meters when different amounts of resistant forces were applied to the
athlete. It was hypothesized that as resistance increased, power output would increase, stride
length would decrease, the runners would become more horizontal resulting in a larger trunk
tilt, and finally that the acceleration would decrease. Specialized markers were placed on the
athletes during their runs and computerized models were created to analyze the data in
addition to the data collected from the resistance machine itself. It was observed that all
hypotheses were correct except for trunk tilt, in which no conclusive correlation was detected.
The collected results were communicated to the athletes and their coaches to aid in their
training and help them reach their full athletic potential.
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Introduction:
Resistance training has been widely used in training sprinters and other athletes for
many years. Resistance training can be defined as sprinting with an additional opposing force
such as running uphill, wearing a weighted vest, or pulling a weight or a parachute behind as
one is running [1]. More modern forms of resistance training include the use of machines to
provide this resistance instead of relying on adding or removing weights or changing the size of
the parachute. It has been hypothesized by Faccioni [2] that resisted sprinting with a towing
machine can lead to an increase in the load on the runner’s upper body which requires them to
become more stable as they are running and thus increase success in an athlete’s sprints.
The 1080 Sprint Machine is a device that records information such as the velocity and
acceleration, as well as force and power output while also providing varying amounts of
resistance to the sprinter. The data collected from each sprint was compiled into charts that
can be found in the results section of this report. In addition, the peaks on figures such as
Figures 8.2-8.5 can also help to demonstrate stride length and stride frequency based on the
distance between peaks on the charts.

Figure 1: An image of an athlete wearing the belt for the 1080 Sprint Machine as they are
preparing for a resisted sprint [3].
Letzelter et al. [4] studied the effect of varying resistance on different variables such as
time to run thirty meters, stride length, stance phase duration, upper body lean, and thigh
angle. However, this research did not normalize the resistive values based on the body weight
of the athlete and therefore it is relatively unknown how a certain amount of added load will
affect a particular athlete with a unique stature [1]. Therefore, this study was aimed to explore
some of the variables used by Letzelter et al. when the load is a specific amount of the athlete’s
body weight. The gathered information from this study will allow coaches and trainers to
customize workouts and specific resistance loads to a particular athlete to help them grow and
develop to improve their runs while minimizing the risk that they become injured or are not
being trained hard enough due to applying an inappropriate resistant load.
Qualisys Motion Capture System is a set of cameras and sensors paired with software
that functions by attaching reflective sensors to the participants in specific and regulated
locations. The cameras are customized to sense the markers and were set up to surround the
area of interest. This allowed us to determine the relative locations of each of the markers to a
stationary, arbitrary origin designating the direction of the x, y, and z axes seen in Figure 3 so
the distances and directions each sensor had traveled during each frame could be determined.
The cameras were set to a frame rate of 120 Hz. Each of the sensors is given a name on the

software system so each of the sensors that are detected throughout the sprint can be labeled
to create an accurate computer model of the athlete throughout their trial. An example of a
static model as well as a model in the middle of the sprint can be seen in Figures 4 and 5 below.
These computer models helped to determine stride length, stride frequency, trunk tilt, and
angles between different body parts for each sprint. In addition to the Qualisys cameras, a
normal video camera was recording each of the runs to have record of the run as it was seen in
real time.

Figure 2: An image of a Qualisys camera, which views the markers that are placed on the
participants’ bodies [5].

Figure 3: An image of the L-Frame used as an origin point of reference for all the markers on the
athlete [5].

Figure 4: An image of a static model. This model illustrates the general shape of the
athlete and represents where each of the markers were placed on their bodies.

Figure 5: An image of a model of an athlete during a sprint.
The objective of this study is to determine the relationship between power output,
stride length, trunk tilt angle, and acceleration, and a resistive load placed on a sprinter. This
will allow track athletes and their coaches to determine whether resistance training is
something from which they would benefit. This research could also help to predict resistive
loads that may be too much for an athlete and induce injury.
Based on prior experience and research about resisted sprinting, it is hypothesized that
the power output will increase as the resistance increases because the athlete has to overcome
more force to run as fast as they can throughout the sprint, the stride length will decrease as
resistance increases because the runner will again have to overcome more force to propel their
body forward, the rate of trunk tilt angle decrease will decrease as the resistance increases
because the athlete will be trying to maximize their horizontal force to reach ten meters at the
fastest possible time, and the acceleration will decrease as resistance increases because the
athlete will be producing a smaller net force due to the resistance machine applying an
opposing force to the athlete’s motion.

Methods:
To find participants for the study, the UNL Women’s Track and Field team’s coaches
were contacted to inquire whether some of the athletes would be willing or able to partake in
the study. Six athletes were selected to participate in the study. In the Nebraska Athletic
Performance Lab, or NAPL, a 1080 Sprint Machine as well as Qualisys Motion Capture System
were accessible.
Each of the six participants ran two sprints at four different levels of resistance, totaling
eight sprints for each athlete and forty-eight trials for the entire study. Each of the sprinters had
different body weights and body types, so the amount of resistance applied to each of the
sprinters was based on their body mass rather than the same for each of the athletes. The 1080
Sprint Machine is able to input the amount of resistance in kilograms rather than a force value,
so the amount of resistance applied to each athlete was the lowest possible amount of
resistance the machine could provide at 1 kg to represent 0% of the athlete’s body mass,
followed by 5%, 10%, and 15% of the athlete’s body mass. To randomize the fatigue of each
athlete from falling on the same resistance levels, the order in which they ran the 1 kg, 5% body
mass, 10% body mass, and 15% body mass were changed for each participant.
Once the raw data was collected, each of the sensors were labeled for the entirety of
the time the participant was in view of the cameras to create models of the athletes
throughout their sprints. The list of the markers along with their respective locations on the
body can be seen in Figure 6 below.

Figure 6: This image shows the placement of the markers on a model in reference to a more
detailed model as well as defines the labels on the markers by color and name on one of the
Qualisys models.
The best of the two runs for each participant at each resistance level was graphed. This
was decided because typically the best runs in track and field are the fastest runs. Therefore,

data was only taken from the faster of the two runs to eliminate any stumbles or errors made
by the participant resulting in the slower run.
To analyze the peak power output for the athletes running with resistance, values for
the peak power were found using the graphs generated on the 1080 Sprint Website, such as
Figure 8.2. The value for peak power was taken on the sixth step for all four used runs and all
six athletes was compiled using Excel to create a comprehensive graph. Once in Excel, the
values for each run were normalized by dividing the peak power by the body mass of the
athlete, resulting in the power output per kilogram of body mass, to remain consistent between
athletes of different body masses. The change in power output when the resistance was
increased by increments of 5% of the athlete’s body mass was then calculated by analyzing the
percent change in the peak power output on the sixth step of each run. The sixth step was
chosen to be analyzed because it had the highest power output value that was present in all
runs by all participants.
Stride length was taken between the 5th and 6th step of each run to normalize the point
at which each of the participants were in the process of accelerating into full speed and
reaching their fully developed sprinting form. Stride length was defined as the distance
between the heels of each foot at the point they were initially making contact with the ground
on the 5th and 6th strides.
Trunk tilt in this study was defined as the angle between the vertical axis and the torso
while running. An illustration of this angle can be seen below in Figure 7. The rate at which this
angle decreased as the athlete stood up throughout their run was then calculated to normalize
the values between participants.

Figure 7: An image of a model of a participating athlete while sprinting that illustrates the
placement of the trunk tilt angle.
Finally, acceleration was analyzed throughout the first five meters of the sprint. First, an
average overlay was added in to normalize the values. This allowed for an average number to
minimize the error that might occur if one athlete was in the middle of a stride compared to the
beginning or end of a stride. The averaged value at five meters was determined and divided by
the time if took the sprinter to travel the five meters to find their average acceleration.
For statistical analysis, single factor ANOVA, or analysis of variance testing, was
performed through Microsoft Excel’s Data Analysis ToolPak add-in. ANOVA was used to

determine whether there was a significant difference in the means of the data gathered from
the varying values of resistance.
Results:
The participants will be labeled as Participant A, Participant B, Participant C, Participant D,
Participant E, and Participant F. Height and weight of each participant was recorded before the
runs to allow the appropriate resistance values to be determined for each athlete.
Table 1: Height and weight of each participant.
Height (cm)
Participant A
167
Participant B
167
Participant C
171
Participant D
159
Participant E
170
Participant F
179

Weight (lbs)
128.6
124.6
122.0
117.9
144.5
152.3

Mass (kg)
58.3
56.5
55.3
53.5
65.5
69.1

The following data regarding the times and amount of resistance was collected for Participant A
over their eight separate ten-meter runs. All the graphs are only taking into account the fastest
run at each resistance level.
Table 2: Participant A’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.43
5.80
10%
Run 2
2.36
5.80
10%
Run 3
2.55
8.70
15%
Run 4
2.53
8.70
15%
Run 5
2.16
2.90
5%
Run 6
2.15
2.90
5%
Run 7
2.08
1.00
About 0%
Run 8
2.10
1.00
About 0%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 8.1: Participant A’s speed over the ten-meter run for the best time of each resistance
value.

Participant A

Figure 8.2: Participant A’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant A

Figure 8.3: Participant A’s speed recorded over the 10 meter distance of the run at a resistance
of 5% body mass.

Participant A

Figure 8.4: Participant A’s speed recorded over the 10 meter distance of the run at a resistance
of 10% body mass.

Participant A

Figure 8.5: Participant A’s speed recorded over the 10 meter distance of the run at a resistance
of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 8.6: Participant A’s power output over the ten-meter run for the best time of each
resistance value.

Participant A

Figure 8.7: Participant A’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant A

Figure 8.8: Participant A’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

ParticipantAA
Participant

Figure 8.9: Participant A’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant A

Figure 8.10: Participant A’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.

The following data regarding the times and amount of resistance was collected for Participant B
over their eight separate ten-meter runs.
Table 3: Participant B’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.34
2.80
5%
Run 2
2.32
2.80
5%
Run 3
2.68
8.50
15%
Run 4
2.68
8.50
15%
Run 5
2.47
5.70
10%
Run 6
2.51
5.70
10%
Run 7
2.17
1.00
About 0%
Run 8
2.18
1.00
About 0%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 9.1: Participant B’s speed over the ten-meter run for the best time of each resistance
value.

Participant B

Figure 9.2: Participant B’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant B

Figure 9.3: Participant B’s speed recorded over the 10 meter distance of the run at a resistance
of 5% body mass.

Participant B

Figure 9.4: Participant B’s speed recorded over the 10 meter distance of the run at a resistance
of 10% body mass.

Participant B

Figure 9.5: Participant B’s speed recorded over the 10 meter distance of the run at a resistance
of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 9.6: Participant B’s power output over the ten-meter fun for the best time of each
resistance value.

Participant B

Figure 9.7: Participant B’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant B

Figure 9.8: Participant B’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

ParticipantBA
Participant

Figure 9.9: Participant B’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant B

Figure 9.10: Participant B’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.
The following data regarding the times and amount of resistance was collected for Participant C
over their eight separate ten-meter runs.
Table 4: Participant C’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.33
2.80
5%
Run 2
2.41
2.80
5%
Run 3
2.25
1.00
About 0%
Run 4
2.27
1.00
About 0%
Run 5
2.76
8.30
15%
Run 6
2.70
8.30
15%
Run 7
2.55
5.50
10%
Run 8
2.49
5.50
10%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 10.1: Participant C’s speed over the ten-meter run for the best time of each resistance
value.

Participant C

Figure 10.2: Participant C’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant C

Figure 10.3: Participant C’s speed recorded over the 10 meter distance of the run at a resistance
of 5% body mass.

Participant C

Figure 10.4: Participant C’s speed recorded over the 10 meter distance of the run at a resistance
of 10% body mass.

Participant C

Figure 10.5: Participant C’s speed recorded over the 10 meter distance of the run at a resistance
of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 10.6: Participant C’s power output over the ten-meter fun for the best time of each
resistance value.

Participant C

Figure 10.7: Participant C’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant C

Figure 10.8: Participant C’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

ParticipantCA
Participant

Figure 10.9: Participant C’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant C

Figure 10.10: Participant C’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.

The following data regarding the times and amount of resistance was collected for Participant D
over their eight separate ten-meter runs.
Table 5: Participant D’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.25
1.00
About 0%
Run 2
2.21
1.00
About 0%
Run 3
2.51
5.30
10%
Run 4
2.60
5.30
10%
Run 5
2.39
2.70
5%
Run 6
2.35
2.70
5%
Run 7
2.69
8.00
15%
Run 8
2.60
8.00
15%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 11.1: Participant D’s speed over the ten-meter run for the best time of each resistance
value.

Participant D

Figure 11.2: Participant D’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant D

Figure 11.3: Participant D’s speed recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

Participant D

Figure 11.4: Participant D’s speed recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant D

Figure 11.5: Participant D’s speed recorded over the 10 meter distance of the run at a
resistance of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 11.6: Participant D’s power output over the ten-meter fun for the best time of each
resistance value.

Participant D

Figure 11.7: Participant D’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant D

Figure 11.8: Participant D’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

Participant
Participant AD

Figure 11.9: Participant D’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant D

Figure 11.10: Participant D’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.
The following data regarding the times and amount of resistance was collected for Participant E
over their eight separate ten-meter runs.
Table 6: Participant E’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.43
1.00
About 0%
Run 2
2.44
1.00
About 0%
Run 3
3.04
9.80
15%
Run 4
2.97
9.80
15%
Run 5
2.97
6.60
10%
Run 6
2.70
6.60
10%
Run 7
2.54
3.30
5%
Run 8
2.55
3.30
5%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 12.1: Participant E’s speed over the ten-meter run for the best time of each resistance
value.

Participant E

Figure 12.2: Participant E’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant E

Figure 12.3: Participant E’s speed recorded over the 10 meter distance of the run at a resistance
of 5% body mass.

Participant E

Figure 12.4: Participant E’s speed recorded over the 10 meter distance of the run at a resistance
of 10% body mass.

Participant E

Figure 12.5: Participant E’s speed recorded over the 10 meter distance of the run at a resistance
of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 12.6: Participant E’s power output over the ten-meter fun for the best time of each
resistance value.

Participant E

Figure 12.7: Participant E’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant E

Figure 12.8: Participant E’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

Participant
Participant
EA

Figure 12.9: Participant E’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant E

Figure 12.10: Participant E’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.

The following data regarding the times and amount of resistance was collected for Participant F
over their eight separate ten-meter runs.
Table 7: Participant F’s sprint times for each resistance value.
Time (s)
Resistance Load (kg)
Resistance Load (% Body Weight)
Run 1
2.06
1.00
About 0%
Run 2
2.02
1.00
About 0%
Run 3
2.13
3.50
5%
Run 4
2.21
3.50
5%
Run 5
2.31
6.90
10%
Run 6
2.31
6.90
10%
Run 7
2.46
10.40
15%
Run 8
2.48
10.40
15%

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 13.1: Participant F’s speed over the ten-meter run for the best time of each resistance
value.

Participant F

Figure 13.2: Participant F’s speed recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant F

Figure 13.3: Participant F’s speed recorded over the 10 meter distance of the run at a resistance
of 5% body mass.

Participant F

Figure 13.4: Participant F’s speed recorded over the 10 meter distance of the run at a resistance
of 10% body mass.

Participant F

Figure 13.5: Participant F’s speed recorded over the 10 meter distance of the run at a resistance
of 15% body mass.

à About 0% Body Weight Resistance,

à 5% Body Weight Resistance,

à 10% Body Weight Resistance,
à 15% Body Weight Resistance
Figure 13.6: Participant F’s power output over the ten-meter fun for the best time of each
resistance value.

Participant F

Figure 13.7: Participant F’s power output recorded over the 10 meter distance of the run at
approximately 0% body mass.

Participant F

Figure 13.8: Participant F’s power output recorded over the 10 meter distance of the run at a
resistance of 5% body mass.

Participant
ParticipantAF

Figure 13.9: Participant F’s power output recorded over the 10 meter distance of the run at a
resistance of 10% body mass.

Participant F

Figure 13.10: Participant F’s power output recorded over the 10 meter distance of the run at a
resistance of 15% body mass.
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Figure 14: A graph illustrating the power output per kilogram of body mass for all the runs for
all the athletes. From ANOVA testing in Excel, the F value was determined to be 27.33 while the
critical F value was calculated as 3.49, thus proving significance in the trend.

Percent Change of Power
Output

Percent Change in Power Output on the Sixth Step
Between Differing Levels of Resistance
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Figure 15: A graph of the percent change in power output on the 6th step between each tested
level of resistance as averaged between all the participants. From ANOVA testing in Excel, the F
value was determined to be 7.9 while the critical F value was calculated as 7.7, thus proving
significance in the trend.

Stride Length Decreases as Resistance Increases
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Figure 16: A graph of the average stride lengths for strides five and six of all the participants’
runs. From ANOVA testing in Excel, the F value was determined to be 8.57 while the critical F
value was calculated as 3.10, thus proving significance in the trend.

Rate of Decrease of Trunk Tilt Angle (˚/s)

Trunk Tilt Shows No Conclusive Correlation to
Changing Resistance Levels
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Figure 17: A graph of the rate of decrease of the trunk tilt angle of each athlete at each level of
resistance. From ANOVA testing in Excel, the F value was determined to be 0.32 while the
critical F value was calculated as 2.85, thus failing to prove significance in the trend.

Change in Acceleration After Five Meters at Varying
Levels of Resistance
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Figure 18: A graph of the change in acceleration after five meters at each level of resistance for
all the participants’ runs. From ANOVA testing in Excel, the F value was determined to be 11.92
while the critical F value was calculated as 3.10, thus proving significance in the trend.
Discussion:
The main variables that were analyzed during this study were power output, change in
power output, stride length, trunk tilt angle, and acceleration as the amount of resistance was
changing during a set of an athlete’s sprints. It was seen that there is a linear trend in the power
output on the sixth step of a resisted sprint, as illustrated in Figure 14. This means that, on
average, the power that a runner must produce to overcome the resistance is proportional to
adding a fixed increment of percent of the athlete’s body mass. With a coefficient of
determination (labeled as R2 on Figures 14, 16, 17, and 18) of 0.995, this proportional
relationship is proven.
Instead of a linear relationship for the percent change in the power output on the sixth
step of sprints with differing levels of resistance, it was seen that there was a larger change in
power output between lower resistance levels and a smaller change in power output between
high resistance levels as they increased by 5% of the athlete’s body mass. This could suggest
that there is a threshold of maximum power output of an athlete. Assuming this hypothesis is
correct, the graph seen in Figure 15 would reach an asymptote at zero percent change in power
output between two different amounts of resistance, which would signify that the sprinter has
reached their maximum power output. It may be beneficial to look further into this hypothesis
in the future with larger resistance values and possibly smaller changes in the amount of
resistance applied between sprints to determine the maximum power is for a particular athlete.

This could be valuable information for an athlete and their coaches to know as it would allow
them to track their progress for building their maximum power to become more explosive
runners.
When analyzing the stride length, it was seen that there was a linear relationship
between increased resistance and decreased stride length. A 4.6% decrease in the fifth stride
length and a 5.9% decrease in the sixth stride length were observed as the resistance was
increased by 5% of the athlete’s body weight. Overall, it was seen that there was a 5.3%
reduction in the length of strides as the resistant force was increased. It was curious that there
was a difference in the decrease of stride length of stride five compared to stride six. One
theory for this observation could be that the higher resistance levels cause the athletes have
more difficulty reaching their full normal stride length as seen when running without resistance
and also in reaching their maximum stride length for that particular run. Another way to explain
the second theory would be that the rate of stride length increase from starting the sprint to
the maximum stride length of a run would decrease as the resistance increases. It would be
interesting to analyze the differences in the change in stride length in a future study.
The analysis of trunk tilt angle resulted in inconclusive correlation to the resistance with
which a sprinter is running. Some of the participants produced data showing that they became
more horizontal with respect to the lab floor as the level of resistance increased while others
appeared to become more vertical, and some showed their minimum or maximum angles at
medium resistance values. The coefficient of determination was found to be 0.1624 when
taking all the participants’ data into account, which supports the inconclusive conclusion. It was
initially hypothesized that the rate of decrease of trunk tilt angle would decrease as the amount
of resistance increased, which was mildly supported by the decreasing trend of the best fit line.
However, the correlation was very small, so more research would need to be performed to
determine whether there was a relationship between the trunk tilt angle and the amount of
applied resistance.
Finally, the acceleration data was observed and displayed a linear decrease in the
acceleration of the first five meters as the amount of resistance increased, as seen in Figure 18.
Because of the peaks and troughs seen on the speed over distance plots, for example Figure
8.2, due to the athlete’s strides, an average overlay was added on the 1080 Sprint software to
normalize the values. This allowed average speed values to be used in calculations rather than
the peaks and troughs to minimize the error that might occur due to some athletes being at the
beginning or end of a stride compared to in the middle of a stride at the five-meter mark. The
value of speed at the five-meter mark was divided by the time at five meters to give an
estimate for the average acceleration over the first five meters. It makes sense that the
acceleration is decreasing as the amount of resistant force increases due to Newton’s Second
Law and the fact that there is more force to overcome when accelerating against a high
resistance when compared to a low distance.

This study did not run entirely smoothly at times. For example, some of the markers on
the participants went in and out of view of the cameras as they were running. This means that
some of the locations of each marker had to be auto-filled in based on its’ trajectory
immediately before and after the marker was out of sight. This led to some potential error in
the values that relied on the Qualisys markers, including stride length and trunk tilt angle. One
idea for addressing this issue if the project would be repeated would consist of adding more
cameras around the running surface to give them more of a chance to be seen throughout the
entire run.
Another possible source of error was that some of the markers were unable to be seen
for the entire amount of distance that the athlete was running the ten meters. Most of the
markers were able to be seen throughout the begging of the sprints, however, after about six
steps, a lot of the models became too far away from the sensors that were picking up some of
the markers from the beginning of the run. Ideally, the stride length and the trunk tilt would
have been analyzed throughout the whole run, however, this was made impossible by the loss
of markers in some of the models as early as the seventh step. Although there were no
calculation errors by stopping after the sixth step, the sprints had not yet fully developed.
Therefore, it would be interesting to determine whether the values would change, and if so,
how much, when analyzing the acceleration into a fully developed sprint rather than having to
stop due to technical errors.
Conclusion:
It was observed that increasing resistance influences the biomechanics of a sprinter.
Specifically, the data showed that there was a linear increase in the power output, a nonlinear
decrease in the change in power, a linear decrease in stride length, and a linear decrease in the
acceleration of a sprinter as the amount of applied resistance increases. In addition, no
conclusive correlation was seen between the trunk tilt angle of the athlete and the amount of
resistance with which they were sprinting.
The results of this study have been communicated to the University of Nebraska-Lincoln
Women’s Track and Field Team with the intent of informing them of the use of resistance
machines to help train the athletes to perform at their highest potential. As discussed
previously, the information could be used to help determine progress in reaching the goals of
the athletes such as maximizing power output or stride length during competitions.
In the future, it would be interesting to further analyze the threshold of maximum
power of an athlete, determine trends of maximum stride lengths at certain ratios of resistance
values, observe the athlete’s acceleration from starting the sprint to a reaching a fully
developed sprint, and finally, exploring whether a more conclusive trend in the trunk tilt angle
and rate of decrease of the trunk tilt angle is present.
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